Introduction {#sec1-1}
============

Examination under anesthesia (EUA) in children is a common procedure performed by many centers around the world. Usually these procedures are short and non-invasive. Most of these procedures are performed on a daycare basis using sevoflurane for induction and maintenance of anesthesia. It can be easily assumed that the cost of sevoflurane used during the procedure forms a major proportion of the economic variable during these procedures, as usually these procedures do not require supplementation with other anesthetic drugs like neuromuscular blockers (NMBs) and opioids. However, the cost of inhalational agents used does not feature separately while calculating the total anesthesia-related expenditure. This could mainly be because there is scanty literature regarding the actual calculation of the amount of inhalational agent used in relation to the duration of procedure, as well as the demographic profile of the patient. There are no studies validating the effect of patient demographics, i.e., age, sex, and weight while the same is well-known with intravenous anesthetic drugs. For centers with heavy loads of pediatric patients like in ophthalmological units, EUAs form a significant proportion of procedures being performed under general anesthesia. Estimation of cost of these procedures will help not only to quantify inhalation agent\'s requirement but also underline any possible wastage of the agent. For centers charging the patients on per case basis, such estimates can be useful for determining anesthesia-related costs. For government centers, this can help to estimate stocks and also to manage economic resources toward amount of inhalation agents required. This usage of sevoflurane is significantly higher in EUAs than other routine procedures as it needs high flows not only while induction but also during the maintenance of anesthesia due to avoidance of low flows in pediatric population with spontaneous ventilation and, thus, the above estimates assume more importance.

Materials and Methods {#sec1-2}
=====================

The present study aimed to evaluate per minute-based cost of short procedures under general anesthesia. After obtaining institutional ethical clearance, this prospective study was carried out in an ophthalmological center of a tertiary care hospital. The study included 100, ASA I and II pediatric patient aged between 1 and 8 years. Patients with the following were excluded from the study: Known seizure disorder, craniofacial abnormalities/difficult airway, cardiopulmonary or neuromuscular defects, hepatic or renal insufficiency.

All patients were scheduled for ophthalmological examination under general anesthesia. A written/informed parental consent was obtained for participating in study and all patients were premedicated with 0.5 mg/kg of oral midazolam half an hour prior to the procedure. The induction of anesthesia was carried out using incremental concentrations of sevoflurane with a fresh gas flow of 6 l with oxygen and nitrous oxide in 1:1 ratio. The induction was started from 1% sevoflurane dial concentration and sevoflurane concentration was stepped up by 1% every 4^th^ breath until 8% dial concentration was achieved. The dial setting was maintained at 8% until adequate depth of anesthesia was achieved (adjudged by central position of eyeball and adequate jaw relaxation), thereafter sevoflurane concentration was reduced to 4% and an intravenous line was secured, following which optimal size classic laryngeal mask airway (LMA) was inserted. For the maintenance phase, the total fresh gas flow was reduced to 2 l (oxygen:nitrous oxide = 1:1). Adequate depth of anesthesia during maintenance phase for EUA was maintained using one to two minimum alveolar concentrations (MACs) of combined sevoflurane and nitrous oxide, following high concentration of sevoflurane during induction requiring a dial setting between 1% and 2% only. The clinical predictors used for adequate depth were central eye position, stable hemodynamics on eye handling, and the absence of response to application of eye speculum. An observer noted the time duration for each concentration during induction and maintenance in seconds. The values of time, flow, and concentration were substituted in Dion\'s equation and the volume of liquid sevoflurane consumed was calculated as below:

Calculations {#sec2-1}
------------

Total cost = Induction cost + Maintenance cost

Dion\'s equation gives total amount of liquid sevoflurane consumed as,\[[@ref1]\]

Liquid sevoflurane consumption = PFTM/2412d

Where, the variables represent

P Vaporizer dial concentration in percent

F Total fresh gas flow in l/min

T Time for which the concentration *P* was set in minutes

M Molecular mass of sevoflurane in grams

d Density of liquid sevoflurane in g/ml

The retail price of sevoflurane available in the Indian market is Rs 5,500 per 250 ml bottle. Thus, the cost per milliliter was calculated to be Rs. 22/ml. The results of consumed volumes were multiplied to get the corresponding costs.

Results {#sec1-3}
=======

The statistical analysis was performed using SPSS version 20 (IBM Inc.) for MAC. The mean age of patients was found to be 3.295 ± 1.820 years. The mean weight of patients was found to be 11.55 ± 3.52 kg. Thirty-six percent were females and 64% patients were males. The mean total duration from induction to LMA removal at the end of procedure was 11.91 ± 6.086 min. No statistically significant correlation of cost of sevoflurane consumed with age (Spearman\'s correlate = −0.049, *P* = 0.629) \[[Figure 1](#F1){ref-type="fig"}\] and with weight (Spearman\'s correlate = −0.019, *P* = 0.854) \[[Figure 2](#F2){ref-type="fig"}\] could be found. The cost had direct stronger correlation to the total duration of procedure than to the total time taken for induction of anesthesia. Induction spearman\'s correlation coefficient was 0.466 (*P* \< 0.001) versus total duration Spearman\'s correlation coefficient of 0.554 (*P* \< 0.001).
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The mean volume of liquid sevoflurane consumed was found to be 6.4040 ± 2.109 ml, the mean volume of sevoflurane consumed on per minute basis of procedure was found to be 0.6267 ± 0.2865 ml/min. The median value for the same was 0.6014 ml/min. Four patients required much higher values of sevoflurane/min \[[Figure 3](#F3){ref-type="fig"}\]. Total sevoflurane consumed was comparable in males and females \[[Figure 4](#F4){ref-type="fig"}\]. Mean sevoflurane consumption among males and females was 6.258 ± 2.148 and 6.663 ± 2.043 ml, respectively. The means were compared using unpaired student t test, and the difference was found to be statistically non-significant (−0.405 ± 0.439, *P* = 0.359). The cost of sevoflurane consumed per minute of procedure was found to be Rs. 13.23, and the average cost of each procedure was Rs. 140.80.
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Discussion {#sec1-4}
==========

Use of any drug should not only be guided by its clinical profile but also should be justified on "cost benefit ratio" basis. Introduction of newer inhalation agents in anesthesia practices have been evaluated on safety basis. The studies documenting their superiority to previous generation agents keep emerging. However, the pharmaco-economics of these agents has almost been completely neglected. The present study aimed to consider factors influencing the price paid for clinical up gradation to this safe anesthetic agent.

The aim of our present evaluation was to find the cost associated with anesthesia during short procedures (induction + maintenance) that are done routinely in most pediatric centers. The cost of induction and maintenance using sevoflurane depends on multiple factors. Use of additional intravenous drugs like opioids lowers the MAC requirements of inhalation agent, thus bringing down the amount of sevoflurane consumed. In the present study, the choice of procedures was limited to EUA, as most of these procedures are purely observational and no additional supplementation of intravenous opioids is required for them. Use of additional nitrous oxide would add to the MAC of sevoflurane and, thus, lower its requirements. The cost of nitrous oxide when compared to sevoflurane is negligible, hence procedures using nitrous oxide are bound to consume less of sevoflurane and are likely to be cheaper. The amount of sevoflurane used in induction is likely to be significantly high (as it is used in high concentration and at high flows); therefore, in the present study, we evaluated only children who underwent inhalation induction. In the maintenance phase, we used a flow of 2 l, as safety concerns due to sevoflurane interaction with soda lime below these flows have been reported.\[[@ref2][@ref3]\] Also, in a spontaneously breathing child, lower flows can lead to re-breathing, thus flows lower than 2 l are avoided.\[[@ref4][@ref5]\]

Six patients in the analysis showed extremely high cost per minute for sevoflurane. These patients either (four of six) required LMA insertion twice or (two of six) had a difficult intravenous cannulation. During the above procedures, the total flow was 6 l, and sevoflurane dial concentration was 4%; this accounted for higher sevoflurane consumption found in these patients. We did not discard the data from these patients, as these are common situations encountered in pediatric settings. The values of mean consumption of sevoflurane would represent these common situations as well. We included the median value of sevoflurane consumption per minute in our analysis, as median would not be representative of these values and would only highlight the cost without unexpected complications.

The results of the present study will be useful in the economic planning of anesthesia-related expenditure. In hospitals charging on per patient basis for a procedure like EUA, the estimated cost would quantify patient charges more appropriately. Also, the results can be used to calculate the estimated number of cases using the sevoflurane stock. If the number of cases calculated and actually done vary significantly, excessive wastage of agent can be suspected. Moreover, cost-based estimates can help calculate the funds to be attributed toward inhalation agents.

For intravenous anesthetic drugs, the amount of drug consumed either depends upon weight or body surface area. In other words, the cost of a drug has a strong direct relation to ideal weight and body surface area.\[[@ref6][@ref7][@ref8]\] However, the literature on relation of weight or age to the amount of inhalation agent consumed for similar procedures is scarce. It is logical that a heavier child will consume more intravenous drug, but this relation is not true for inhalation agents. The present study showed that there is no statistically significant relation of weight to the amount of sevoflurane used. To eliminate the bias of variable duration of procedures, we calculated sevoflurane consumption per minute; its correlate to weight was still non-significant. Theoretically, the uptake of anesthetic agent can be predicted using Lowe\'s formula.\[[@ref9]\]

Uptake = 1.3 (MAC/100) × 2 λQ/r

Where, λ is blood gas solubility co-efficient, Q is cardiac output in liters per minute, and r is the ratio of vapor volume at 37° to liquid agent. All factors in the above equation, except cardiac output and MAC, are constant. Cardiac output is related to weight by the equation.

Q = Constant × weight^−1/4^.\[[@ref10]\] In other words, for cardiac output to be twice the weight, it must be at least 16 times, however, such a variation in weight is unlikely to exist between the age group in the present study. The maximum and minimum weights of patients in the present study were 5.5 kg and 23 kg, respectively, and 50 patients had a weight that was between 9 and 12 kg, with such a small variation in the weight, the variation in cardiac output would be further smaller and thus variations in requirements were very small. Also, it must be noted that the measured amount of sevoflurane is the value that was delivered to the lungs, of which the above uptake amount is an extremely small fraction.\[[@ref11]\] This means that any difference of uptake, even if present, would make an extremely small difference in the requirement of the inhalation agent being delivered. This possibly explains that we were unable to find any significant correlation between weight and the amount of sevoflurane (cost of sevoflurane) in our patients.

Any significant relation of cost and age of the patient also could not be demonstrated, which holds true with the above Lowe\'s Equation, as the cardiac output variation among patients relating to age groups between 1 and 8 years is bound to be small.\[[@ref12]\] This difference is further attenuated by the fourth power of cardiac output variable. Our study found no gender differences in consumption or costs of per minute anesthesia. The possible gender difference is attributed to different body fat content. The total body fat content influences the total amount of sevoflurane uptake.\[[@ref13][@ref14]\] However, the gender differences among body fat contents at pediatric age groups is negligible, these values attain significant values after puberty.\[[@ref15]\] Thus, in the age group of the present study, no significant association could be found.

The duration of procedure showed a linear correlation to the cost. This is an expected result and is also supported by Dion\'s equation, which shows that the total sevoflurane consumed is directly proportional to time.

The limitation of the present study is that EUA is a short procedure, differences due to body fat composition may become more evident after longer duration of general anesthesia when the fat reserves start to uptake anesthetic agent after high flow organs.\[[@ref16]\] On the basis of the compartment model of inhalation, anesthetic pharmacokinetics when this fat uptake would occur when the EUA would already be over. Also, the study could have been made more accurate if depth of anesthesia monitoring had been used to more accurately titrate the use of sevoflurane to a specific BIS value in each case.
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